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In this work, we study systems composed of a p/u> and B" meson pair. We find three bound states in isospin, 
spin-parity channels (1/2,0 + ), (1/2,1 + ) and (1/2,2 + ). The state with 7 = 2 can be a good candidate for the 
B*(5747). We also study the pB system, and a bound state with mass 5728 MeV and width around 20 MeV is 
obtained, which can be identified with the Bi(5721) resonance. In the case of 1 = 3/2, one obtains repulsion 
and thus, no exotic (molecular) mesons in this sector are generated in the approach. 

PACS numbers: 


I. INTRODUCTION 

Chiral symmetry, reflecting the QCD dynamics at low ener¬ 
gies, has played a crucial role in the description of the hadron 
interactions. Originally developed for the interaction of pseu¬ 
doscalar mesons Cl and of the meson nucleon system mm, 
the need to incorporate vector mesons into the framework 
gave rise to the local hidden gauge approach EH9, which in¬ 
corporates the information of the chiral Lagrangians of Jl] and 
extends it to accommodate the vector interaction with pseu¬ 
doscalars and with themselves. Another important step to un¬ 
derstand the dynamics of hadrons at low and intermediate en¬ 
ergies was given by incorporating elements of nonperturba- 
tive physics, restoring two body unitarity in coupled channels, 
which gave rise to the chiral unitary approach, that has been 
instrumental in explaining many properties of hadronic reso¬ 
nances, mesonic |7]-QT1 [13) andbaryonic lfT4ifl6l IT9l I2TT4291 . 
Concerning the interaction of vector mesons in this unitary 
approach, the first work was done in l30l . where surprisingly 
the /2(1270), /o(1370) resonances appeared as a consequence 
of the interaction of p mesons from the solution of the Bethe 
Salpeter equation with the potential generated from the lo¬ 
cal hidden gauge Lagrangians SM). The generalization to 
SU(3) of that work was done in EE) and further resonances 
came from this approach, the /,'(1525),/o(1710) among oth¬ 
ers. Most of these findings were confirmed in the SU(6) spin- 
flavor symmetry scheme followed by Il32l and Il33ll . The step 
to incorporate charm in the local hidden gauge approach of 
Refs. [30jj3i) was given in l34l , and the interaction of p, co 
and £>* was studied extrapolating to the charm sector the local 
hidden gauge approach. Three £> states with spin J = 0,1,2 
were obtained, the second one identified with the £>*(2640) 
and the last one with the £>2(2460). The first state, with J = 0, 
was predicted at 2600 MeV with a width of about 100 MeV. 
This state is also in agreement with the £>(2600), with a similar 
width, reported after the theoretical work in lf35l . The proper¬ 
ties of these resonances are well described by the theoretical 
approach. 

The success in the predictions of this theoretical framework 
in the light and the charm sectors suggests to give the step 
to the bottom sector and make predictions at this early stage. 
The extension is straightforward, because the interaction in 


the local hidden gauge approach is provided by the exchange 
of vector mesons. The exchange of light vectors is identical 
to the case of the pD* interaction, since the c or b quarks act 
as spectators. In the exchange of heavy vectors, the form and 
the coefficients are also the same, since the B meson can be 
obtained from the £> simply replacing the c quark by the b 
quark. However, instead of exchanging a £>* in the subdomi¬ 
nant terms, one exchanges now a B* meson. These terms are 
anyway subdominant. Hence, it is not surprising that the pre¬ 
dictions that we obtain in this work in the B sector are very 
similar to those obtained in 1341 in the £> sector. 

We shall also discuss the heavy quark spin symmetry 
(HQSS), which we show is satisfied by the dominant terms of 
the interaction, and then discuss the behaviour of the HQSS 
breaking terms subdominant HQSS breaking terms. We make 
predictions for three states from the p/a>B* interaction and 
compare with available experimental states. 

In a similar way, we also deal with the interaction of pB 
in s-wave, which gives rise to a state of J = 1 which we can 
identify with a state already existing. This interaction follows 
also from the local hidden gauge approach, although equiv¬ 
alent chiral Lagrangians have been used in the light sector 
8 3211331 , [3611371 and in the £> sector | |38ll39l , where also QCD 
sum rules have been investigated Eo). 

II. FORMALISM 

We are going to use the local hidden gauge approach where 
the interaction is given mainly by the exchange of vector 
mesons. We follow closely the approach of If34l and with mi¬ 
nimal changes we can obtain most of the equations. 

A. Vector-vector interaction 

We take the vector-vector interaction from 0 as 

-Cni = -\{v, v V^). ( 1 ) 

where the symbol () represents the trace in SU(4) flavor space 
(we consider u, d, s and b quarks), with 

V liV = d li V v -d v V li -ig[V li ,V v ] 


( 2 ) 
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standing for the vector representation of the different qq pairs, 
and the coupling g is given by 


M v 

2 7 


(4) 


IpB*; 7 = 3/2, / 3 =3/2) = -|p + fi* + >, 

= 1/2,/ 3 = 1/2) = \cjB* + ). (7) 

where we use the phase convention where the isospin dou¬ 
blets are ( K * + , K*°), (K*°, -K*~), (B* + , B *°), ( B *°, -B* ) and 
the rho triplet is (-p + ,p°,p~). 

The contact terms are all of the type 
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with the pion decay constant / - 93 MeV, and My - 770 
MeV. 

The local hidden gauge Lagrangians also contains a four 
vector contact term 

4/i = y (v M v v v"v v - V v v^v v ), (5) 

which in the pZT channel gives rise to the term depicted in 

Fig- Ufa). 


where e' 1 are the polarization vectors of the vector mesons in 
the order 1, 2, 3,4, where these indices are used in the reaction 
1 +2 -> 3 +4. 

Analoguosly, the terms associated to vector exchange of the 
type of Fig. |TJb) are particularly easy, since, neglecting the 
external three momenta, these terms are of the type 

„ 2 

f (ex) = + k ^> ’ (*2 + h)e ll e v P J e v . ( 9 ) 



FIG. 1: The model for the p/to B* interaction. 

From Eq. 0 we also get a three vector interaction term 

4/7 = ig ({d M V v - d v v, ) V»V V ) . (6) 

This latter Lagrangian gives rise to a VV interaction term 
through the exchange of a virtual vector meson, as depicted 
in Figs. |T]b) and |Tj c). As in lf34l we also assume that the 
three momenta of the particles are small compared to the vec¬ 
tor masses. This helps to simplify the formalism. 

We consider the p/toB* states 


Then we can separate these terms into the different contribu¬ 
tion of spin (we work only with angular momentum L — 0) 
which are given by f30j 

Wl) = l -e^e v e\ (10) 

"P( 1) = - G^eV'), (11) 

P(2) = ^e v eV' + e M e v e v ^ t ) - ^e ll P A e v e v . (12) 

We can see that, while the contact terms give rise to different 
combinations of spin, the vector exchange term of type of Fig. 
|T]b), contains the sum TAG) + V(\ ) + r P(2), with equal weights 
for the different spins. This combination, corresponding to the 
exchange of a light vector meson (p, to, tp, K*) if allowed, sa¬ 
tisfies HQSS to which we shall come back later on. On the 
other hand, the exchange of a heavy vector meson contains 
the combination 

e,e v eV = !P(0)-P(l) + P(2) (13) 

and does not satisfy leading order HQSS constraints, as we 

shall see in Sect. |V B| This goes in line with HQSS, since the 
exchange of heavy vectors is penalized versus the exchange 
of light ones by a factor My/M from the propagators and 
become subdominant. The contact term is also subdominant 
since it goes like My /Mb- of the dominant term from the ex¬ 
change of a light vector. HQSS is satisfied only for the domi¬ 
nant term in the counting, as it should be. 

B. Vector-pseudoscalar interaction 


\pB*',I = 1/2,/ 3 = 1/2) = - 




We shall also consider the pB interaction. This proceeds 
via the exchange of a vector meson as in Fig. [2] and in this 
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FIG. 2: Interaction of pB with vector exchange. 


case there is no contact term. One can see that in the limit 
(which we also take) that q 2 /My —> 0, where q is the momen¬ 
tum transfer, one obtains the chiral Lagrangian of (36). The 
lower vertex VBB is given by the Lagrangian provided by the 
extended local hidden gauge approach 

£ = -ig ({</>, 8^\v»), (14) 

where now </> is the corresponding matrix of Eq. <[3]) for qq in 
the pseudoscalar representation. We obtain the same expre¬ 
ssion as for pB* —> pB* (direct term in Fig. |TJb)) replacing 

e M e v e ,1 e v -> -e^. (15) 

Then up to the factor —» e ■ e\ a scalar factor, that 

becomes unit in the only possible spin state here which is / = 
1 with L = 0, we find the same potential for pB —> pB as for 
pB* —> pB* with the dominant light vector exchange in any 
spin channel. 


III. DECAY MODES OF THE pB CHANNELS 



FIG. 3: Box diagram to account for the decay of pB* into nB 

state. 

As in (34) we take into account the box diagrams of the 
type of Fig. [3] Note that these diagrams do not exist for the 
case of the pB —» pB interaction because we would need a 
nBB vertex which does not exist. The details are identical as 
those in (34) (section VI) by simply changing the masses of 
the particles D*, D by those of the B*, B mesons. 

From the time of (34) one has learned something relevant 
concerning the B*Bn vertex. As discussed in (411 , the B Bn 
and K Kk are identical at the quark level but the use of the 


(2w) (1/2) normalization of the meson fields require that the e- 
ffective vertex of Eq. © is renormalized to become 

mi>* 

8B* Bn — 8 -■ d6) 

m K * 

Then we use this vertex in the box diagram instead of the em¬ 
pirical one g' D , Dn used in (34) . 

IV. HEAVY QUARK SPIN SYMMETRY 
CONSIDERATIONS 

Let us consider the pB ( *' > meson pair. In the particle ba¬ 
sis we have four states for each isospin combination, namely 
| pB, J = 0>, | pB\ J = 0), | pB\ J=l) and \pB\ J = 2>. In 
the HQSS basis |43l . the states are classified in terms of 
the quantum numbers: J, total spin of the meson pair sys¬ 
tem and £, total spin of the light quark system. In addition, 
for this particular simple case in the HQSS basis, the total 
spin of the heavy quark subsystem, S q, is fixed to 1/2, as 
well as the spin of the light quarks and heavy quarks in each 
of the two mesons. Thus, the four orthogonal states in the 
HQSS basis are given by \£ = 1/2, / = 0), |£ = 1/2, J = 1), 

\£ = 3/2, / = 1) and |.£ = 3/2, J = 2). In all the cases the 
spin of the fe-antiquark, S q, is coupled to £ to give J. The a- 
pproximate HQSS of QCD leads at leading order (LO), i.e., 
neglecting O (Aqc^/ihq) to important simplifications when 
the HQSS basis is used. 

{£', /; a'| H qcd \£, £ a) = 5 aa ,5 ££ ,S ]r p a 2L (17) 

where a stands for other quantum numbers (isospin and hy¬ 
percharge), which are conserved by QCD. The reduced matrix 
elements, depend only on the spin (parity) of the light 
quark subsystem, £, and on the additional quantum numbers, 
a, that for the sake of simplicity we will omit in what follows. 
The particle and HQSS bases are easily related through 9-j 
symbols (see (431 ). and one finds 

\pB, /=1> = -^1|X= 1/2, J= 1>+ y||X = 3/2, /= 1), 

\pB*, J = 0) = \£= 1/2, J = 2), 

\ P B*, J = \) = ^||£= 1/2,/= 1)+ y^|X = 3/2,/= 1), 

\pB*, J - 2) = \£ = 3/2, J = 2). 


(18) 

we obtain, in the infinite heavy quark mass limit, 

( P B\H QCD \pB)= i//, +|u 3 , (19) 

(pB\ J = 0| H qcd \pB\ J = 0) = p u (20) 

(pB\J = l\H QCD \pB\J= 1) = + ~/r 3 , (21) 

{pB\ J = 2\ H qcd | pB\ J = 2) = (22) 

nrn * V2 V2 

(pB\H QCD \pB\J=l) = -^-p l + — p 3 . (23) 



4 


Since we have not coupled the pB with pB* in our model be¬ 
cause it involves anomalous terms which are very small in this 
case, then p\ — and we conclude that all the matrix ele¬ 
ments are equal for pB* in J = 0,1,2 and also for pB. We can 
see that the dominant term for the light vector exchange (Eq. 
[9} fulfils the rules of HQSS relations, but the contact term and 
B* exchange, which are subdominant in the counting, 
do not satisfy those relations, since they do not have to (note 
that when rewriting this potential in the usual normalization 
of HQSS, we would have an extra (t^— ) factor that makes the 

p exchange to go like (^-) , the contact term like (^-) and 
the B* exchange like 


V. RESULTS 

A. Bethe Salpeter resummation 

As in ll34ll . we resum the diagrams of the Bethe Salpeter 
series to obtain the scattering matrix T in coupled channels by 
using 


T = [1 - VGT l V, (24) 

where V is the potential pB* —> pB*, pB* —> cjB*, ojB —> 
u)B* that one obtains using the former sections, and G is the 
vector-vector loop function used in this type of studies and 
also given explicitly in (34). All the relevant matrix elements 
can be obtained from tables I, II and III of (34). The finite 
width of the p meson is also explicitly taken into account by 
considering the p mass distribution in the constmction of the 
G function. 

In the next section we shall discuss our results for both the 
pB* and pB systems by using the coupled channel unitary ap¬ 
proach, where we only consider the contribution of s-wave. 
The interaction in the 7 = 3/2 case is repulsive, and thus in 
what follows we will focus in the 7=1/2 sector. 


B. p!<j) B system 


TABLE I: V(pB* —» pB*) with isospin 1 /2 for the different 
spin channels including the exchange of one heavy vector 
meson. Here k - mjJnr B .. 

I 7 contact p exchange B * exchange 

1/2 0 5g 2 -2^(*i + h) ■ (k 2 + U) -+ h) ■ (fc 2 + * 3 ) 

1/2 1 \g~ (ki + k 3 ) ■ (k 2 + fct) + \^p(k\ + k±) ■ (k 2 + k 2 ) 

1/2 2 —| g 2 + k 3 ) ■ (k 2 + k 4 ) -\^(k.i + k 4 ) ■ (k 2 + £ 3 ) 


equation (24 1 in the pB*, loB* coupled channels though the 
contribution of the a> channel is fairly small. We need to re¬ 
gularize the G function and use the cut off prescription using 
q max =1.3 GeV. The G function is also convoluted with the p 
mass distribution as in (34ft . With this prescription we obtain 
three bound states for 7 = 0,1,2 that we plot in Fig. [4] The 
value of q max has been chosen to obtain a mass of 5745 MeV 
within the range of 5743 + 5 MeV of the nominal mass of 
the B* (5747) state 142ft . The masses for the other two states 
are then predictions: we obtain a state with 7 = 0 at 5812 
MeV and another one for 7 = 1 at 5817 MeV. Here, we can 
see that the mass of the spin 1 state is larger than that of spin 

2, while in the PDG, the resonance 7?i(5721) with spin 1 has 
a mass smaller than the mass of 7?*(5747). Henceforth, the 
state with spin 1 that we obtain presents some difficulties to be 
identified with the Bi(5721). One possibility is that it could 
be the resonance generated by pB interaction, which we shall 
discuss later. Note that the LO HQSS relation p\ = p\ has 
some 1 jniQ correction. 

The T matrix element close to a pole behaves like 


gig) 

Z-Zr 


(25) 


where g, is the coupling to channel i (i = pB*, a>B*) and z, Zr 
are the complex values for s and the resonance position sr. 
We can get the coupling of one channel as 

g] = lim T u (z - z R ). (26) 

Z~*Zr 


In the first step, we introduce the kernel or potential V, co¬ 
rresponding to the contact and vector exchange contributions. 
We can get an intuitive idea of the results by using the results 
of Table I of (34) . adapted to the present case in Table [T] 

By calculating the potential at the threshold of pB*, sum¬ 
ming the contact, p exchange and B* exchange contributions 
we get potentials with weights (k of (34) is now M“/M^„) 
-51g 2 , -50g 2 , -58g 2 for J = 0,1,2, respectively. These 
results correspond to -16g 2 , -14.5g 2 , -23.5 g 2 of (34). The 
strength is bigger than for the pD* system because of the 
bigger masses of the heavy quarks and we still find that the 
strength is bigger for J - 2. However, we also see that the 
weight for different spins are now more similar in accordance 
with HQSS as discussed in Sect. [TV] 

With the potentials evaluated as a function of the energy as 
given in Tables I, II, III of (34) we solve the Bethe Sapeter 


We choose the pB* coupling with positive sign, and for the 
other channels we use 

— = lim —, (27) 

gj ™ T ij 

which gives us the relative sign for the ljB* channel. Note 


TABLE II: Couplings of the bound states to the pB* and o>B‘ 
channels with 7=1/2 and J = 0,1,2 in units of GeV. The 
imaginary parts of the couplings are negligible, less than 0.05 
% of the real part in all the cases. 

channel 7 = 07=1 7 = 2 
~/VT 39.6 39.3 43.6 

wB* 1.0 -2.1 -2.4 
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FIG. 4: Squared amplitude for 1 = 1 /2 and J = 0,1,2 including the convolution of p mass distribution. 
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here that the right hand side of Eq. ( |26| ) is the residue of the 
amplitude T u . The coupling to the different channels are listed 
in Table UH 

The p mass distribution is also involved via the convoluted 
G function and should give a width different from zero to the 
states. Nonetheless, we obtain that the widths for / = 0, 1 
and / = 2 are much smaller than one MeV (see Fig. |4j. Ho¬ 
wever, in the PDG the width of the B* 2 (5141) state is 23^ 
MeV, which is larger than the one obtained here for the state 
with spin 2. To reconcile the difference, the nB decay channel 
must be included. 

The energies of the resonances are close to the threshold of 
p and B* and far away from that of n and B. We do not need to 
treat the nB as a coupled channel, since it does not have much 
weight compared to the pB* and toB* channels. Henceforth, as 
in 1341, one can compute the box diagrams that are mediated 
by nB and put them in the potential V in order to get the width. 
The pB* contribution corresponding to the box diagram was 
shown in Fig. [3] We use directly the result of Eq. (41) of 1341 
and have 


V nB = eW 2, e (3) e (4) + e m e (2) e (3) e w + e (l) e (2) e 0) e (4> ) 

O ' i i j j i j i j i j j i ' 
\3 / , \2 
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15tt 2 


f '"' d qq^ - 
Jo \2cOff 
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k ^ + 2 io n 


k°- 


o„ - cob + ie k^ - cj„ - o>b + is k j - 2a> + ie 


k® - 2(jL) n + ie P° - u> n - u>b + ie P° + a> n + u> B 


\ 2 


y k 2 + to n + a>B 


fiP°,4 2 ) 

2oj b 


(28) 


where 

f(P°, q 2 ) = 4 {-32 k Q 2 P 0 ejltu B ((P 0 ) 2 - 2tu 2 n - 3 oj„cj b ~ w 2 ) 

+ 2 (k° 3 ) 3 P°ajMP 0 ) 2 - 5w 2 - 2a> 7r oj B - er B ) 

+ (k° 3 )\2ajl - ( P 0 )~a>B + 3 u)~u>b + 2u> 7I lo~ b + co B ) 

+ 4Ci)~(SiL>^ r + 33 CO^COb + 5 4 Cl) 2 Cl) B + 3 Cl)b((P^)~ 

- cl » 2 b ) 2 + 18m ff m 2 (-(P 0 ) 2 + tu 2 ) + tu 2 (-12(P°) 2 tu B 
+ 44w 3 )) - (^) 2 (16tu 5 + 63 cd 4 cj b + 74« 3 w 2 
+ co B ((P 0 ) 2 - cj 2 b ) 2 + 32 (o 2 (o b {-(P 0 ) 2 + m 2 ) 
+cl> k (-6(P°) 2 co 2 b + 6w 4 ))}, (29) 

a> n = yJq 2 + m 2 , u>b — yjq 2 + m 2 B , and P° = k° + k®. Here, 
in order to calculate the box diagram amplitude, one has first 
integrated analytically the t/° variable. Note that the integral is 
logarithmically divergent, and as in Il34l we use a form factor 
to regularize the loop in addition to the q max value used before. 
The spin structure only allows J - 0 and 2. The reason why 
/ = 1 is forbidden is that the parity of pB* system is positive 
with s wave, and the angular momentum of nB system has to 
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FIG. 5: The real part of box potential for (7, J ) = (1/2,0) and (I,J) = (1/2,2) compared with those from contact and vector 

exchange terms. 
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FIG. 6: The imaginary part of box potential for (7, J ) = (1/2,0) and (7, J ) = (1/2,2). 


be L = 0,2. Therefore, the spin of 7 tB would be 0 or 2, but not 
1. Using again the results of |34l we find the spin projections 

fiy7iB,I=l/2,J=0 _ 20V (rrB) fiy*B,I=\l2,J=2 _ g y(nB ) (30) 


where V ,rrH> is given in Eq. (281 after removing the polariza¬ 


tion vectors. In this work, we also use a form factor in each 
vertex of the box diagram, and then finally, g 4 is replaced with 


2 2 / 
8pnn8 B* Bjr'f' 


-f~l A 2 )4 


(31) 


where g pnn = g = m p /(2f n ) and g B . Bn = gm B ,/m K , (see Eq. 
©), and A is of the order of 1 GeV. 

The real part of the box diagram contribution is neglected, 
since it is very small compared with those of the contact and 
vector exchange terms as we can see in Fig. [5] The imaginary 
part that we focus on is shown in Fig. [6] If A is taken as 
0.67 GeV and q max as 1.3 GeV, the width for J = 2 is 25.5 
MeV which is in agreement with the experimental value in the 
PDG. For J - 0 the width is then 24.7 MeV, while the state 
with / = 1 has no width in our approach. If A is increased to 
0.73 GeV, we obtain a width for / = 2 of 37.5 MeV, and 47.8 
MeV for 7 = 0. We see that we can obtain a width comparable 
to experiment using cut offs or form factors of natural size. 


In Fig. [TJwe show the line shape of 7) 2 including the box 
diagram, which should be compared to Fig. [4] We can see 
that for / = 0,2 a width for the states appears but the peak 
does not move. On the other hand, for / = 1 we still have the 
results of Fig. [4] since as discussed above, in this case there is 
no box diagram. 


C. pB system 

As we have mentioned in the previous subsection, in the 
PDG the mass of 7?i(5721) is smaller than that of 7?*(5747). 
However, for the pB* systems the mass of the / = 1 state is 
larger than that of the J - 2 state. Henceforth, we turn to the 
pB system and investigate its interaction. 

For this system there are no contact terms, but we have the 
vector exchange terms only. In addition, the a> channel is now 
inoperative since the ppcj vertex is zero by G-parity and coa>p 
is zero by C-parity and isospin. Note that in the case of the 
vector-vector interaction it is the exchange term of Fig. |T] (c) 
the one that makes a>B* mix with pB*. The equivalent dia¬ 
grams would involve anomalous terms which are small. In 
any case the factor m 2 v /m 2 H , of these terms renders them negli¬ 
gible, of the order of 1 % also in the case of the vector-vector 
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FIG. 7: Squared amplitudes for 7 = 0 and 7 = 2 which depend on the energy in the center of mass including the convolution of 

p mass distribution and the box diagram. 
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interaction. 

Since the strength of the interaction is the same as in the 
pB* —> pB* case we expect to find a bound state as before. 
If the cut off q max in the G function is taken as 1.3 GeV, we 
find the pole position at 5728 MeV (see Fig. |8j, which is 
consistent with the PDG value of (5721). The coupling to 
pB channel is also computed, and found to be g pB = 41.6 
GeV. It is very interesting to also calculate the width of this 
state. The PDG does not quote any number but it states that 
the dominant decay mode is B*n. This comes out naturally in 
our approach by means of the box diagram of Fig. [9]. 



B „ B* '*'■ ^ B 


FIG. 9: Box diagram for pB —* pB with B n intermediate 
state. 


It is easy to see the contribution for this new box diagram 
following the steps of Il34l . There we had the combination 



+ Siedjm + 6i, n 6 je)B(q~) 


= l(5n0) + 27> ( 2)) J d 3 q4 4 T(f), (32) 

here B(q 2 ) is a function depending on the square of the three 
momentum q 2 , the center of mass energy and the masses of 
the mesons appearing in Fig. [9] . 

Now we have the same original form as in the beginning of 
the equation but we must sum over the B* polarization of the 
intermediate B* state. Since we are only concerned about the 
imaginary part, the on shell approximation for the interme¬ 
diate B* is sufficient and the contraction of gives 6,j. 

Then the remaining stmcture is 

J'd 3 qef ) ef ) q i qiq 2 B{q 1 ) = e\' ) ef ) J'd 3 q^q 4 f(q 2 ), (33) 

where B(q 2 ) has the same form as B(q 2 ) after making the 
change m B > —■> m B and m B —> m B >, up to a constant factor 
that we shall discuss right now. The interaction Lagrangian 
of Eq. ( fl4| ) involves derivatives of the pseudoscalar fields. In 
comparison with the previous situation which is depicted in 
the box diagram of Fig. [3] now the B Bn vertex does not have 
a B meson carrying the q momenta of the integral, since this 
meson is external (see Fig. [9]). Before we had in the incoming 
B* Bn vertex a factor 


OC ((P -q) + {k\ - q)) p ~2q, 


(34) 


corresponding to the momentum of the B and n internal 
mesons in Fig. [3] Now in Fig. [9]the incoming B*Bn vertex is 


oc i-k 2 + (ki - q)) p 


(35) 


* -q-, 
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because the derivatives involve the external pseudoscalar B 
and the internal n. As a consequence the amplitudes will lack 
a factor two in each of the B*Bn vertex, so T - /4. When 

we remove the polarization vectors the structure is 

J d 3 q ] -q A f(q 2 ) = J' d 3 q^q 4{ F(q 2 )^. (36) 

Hence, comparing with Eq. |32| we see that the strength of 
the pB box potential is identical to the former one with 7 = 0 
of the pB* , divided by four (changing the intermediate mass 
of the B to the present one of B* and vice versa). 


way, we have obtained the widths 25.5 ~ 37.5 MeV for J - 2 
and 24.7 ~ 47.8 MeV for 7 = 0, taking A = 0.67 ~ 0.73 GeV, 
q max =1.3 GeV. Since the pole position of 7 = 1 is larger 
than that of 7 = 2, while in the PDG there is a spin one state 
Bi(5721) which mass is smaller than the ZP(5747) mass, we 
have considered the pB system. 

For the pB interaction in the local hidden gauge approach 
we have found a bound state of mass 5728 MeV, which is 
consistent with the experimental value of the Z?i(5721). We 
have also predicted a width for this state considering the box 
diagram contribution in a similar manner as for the pB* sys¬ 
tem. The width that we have obtained is around 20 MeV. We 
summarize our results in Table Hill 



Vs [Me VI 

FIG. 10: Squared amplitude of pB system which depends on 
the c.o.m. energy including the convolution of the p mass 
distribution and the box diagram contribution. 


In Fig. 10 we plot \T\ Z for this case with the same parame¬ 


ters used before to obtain the width of the Z?*(5747). We see 
that we obtain a width around 20 MeV, which is a prediction 
of the present work. 


VI. SUMMARY 


In this work we have studied the pB*, wB‘ and pB interac¬ 
tions by using the local hidden gauge unitary approach. First 
we have solved the Bethe-Salpeter equation in coupled chan¬ 
nels for the pB* and the ojB* sectors, using the tree level am¬ 
plitudes and regularizing the loop function with a cut olf of 
1.3 GeV. In this way we have found three bound states, with 
masses 5812, 5817 and 5745 MeV for / = 1/2 and J = 0,1,2, 
respectively, identifying the J - 2 state with the Zp(5747) 
11421 of mass 5743 + 5 MeV. Despite having considered the 
rho mass distribution, all the states that we have found show 
small widths. In order to generate the correct width of the 
state with 7 = 2 as that of the experimental B*(5747), which 
is quoted as 23 4 /] ( MeV, we have taken into account the box 
diagram mediated by the nB which accounts for this decay 
channel. We have also considered a form factor for the off- 
shell pions and a rescaled coupling in the B*Bn vertex. In this 


TABFE III: Summary of the states found in the p(cS)B* and 
pB interaction. 


Main 

channel 

I(J F ) M [Mev] T [MeV] Main decay 
channel 

Exp (M,T) 
[MeV] 

pS* 

H0 + ) 

ld + ) 

l(2 + ) 

!d + ) 

5812 

25-45 

7TB 


pB* 

pB* 

5817 

5745 

0 

25-35 

nB 

(5743 ±5, 23/jj) 

pB 

5728 

18-24 

nB* 

(5723.5 ±2, -) 


Finally we have investigated if there is some aspect in the 
interaction which can be related to the heaviness of the system 
under consideration. The fact that the B mesons have a large 
mass can justify the study of the pB and pB* systems under the 
frame of heavy quark spin symmetry. We have splitted these 
states in terms of eigenstates of total angular momentum of 
the light quarks as in lf43l . 

We find that the dominant terms in our approach, due to 
light vector exchange, which go like fulfill the FO 

constrains of HQSS, while the contact terms and those coming 
from the exchange of B* are subdominant (O () ) and do 
not fulfill the FO HQSS rules. While in the Dp sector these 
terms were not too small, in the present case they are much 
smaller and we have a near degeneracy in the pB* states with 
7 = 0 , 1 , 2 . 
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